A 64-year-old Japanese man with mild reticular shadows in both lungs developed a lung tumor causing ectopic Cushing's syndrome. He was prescribed an adrenal inhibitor, which controlled his hypercortisolemia. However, he developed acute exacerbation of idiopathic pulmonary fibrosis (IPF) and died within weeks. Previous studies have suggested a dosage reduction of corticosteroids for IPF as a triggering event for acute exacerbation. The present case suggests that IPF coexisting with Cushing's syndrome may have been exacerbated after the correction of hypercortisolemia. Therefore, close monitoring of cortisol levels along with the clinical course of IPF is required in similar cases that require the correction of hypercortisolemia.
Introduction
Idiopathic pulmonary fibrosis (IPF), the most frequent form of idiopathic interstitial pneumonia, is a chronic, steadily worsening fibrotic lung disease with no clear etiology, a median survival of 3 years, and few therapeutic options (1, 2) . Some patients with IPF experience an acute and often fatal respiratory deterioration without any identifiable causes, which is referred to as acute exacerbation of IPF (3) . Endogenous Cushing's syndrome is an endocrine disease that results from chronic exposure to excessive glucocorticoids produced by the adrenal cortex (4) . Ectopic adrenocorticotropic hormone syndrome (EAS), a type of Cushing's syndrome caused by adrenocorticotropic hormone (ACTH)-secreting non-pituitary tumors, comprises approximately 10% of endogenous Cushing's syndrome cases. The appropriate management of EAS, when its source is identified, is surgical excision or chemotherapy after the control of hypercortisolemia is obtained using adrenal steroidogenesis inhibitors (5) . Although the prognosis of EAS is largely determined by the nature of the underlying tumor, the clinical course can be greatly modified by the control of hypercortisolemia.
We herein report a case of acute exacerbation of IPF that occurred in a patient with small cell lung carcinoma (SCLC), which manifested as EAS.
Case Report
A 64-year-old Japanese man visited a local hospital in February 2013 with generalized edema of four months' duration. His family history was unremarkable. He had smoked 20 cigarettes per day since he was 26 years of age (38 pack-years smoking). He was found to have reticular shadows in both lungs with a complaint of shortness of 
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breath at 62 years of age (Fig. 1A, D) and had been followed without medication.
At the hospital visit, the patient's cardiac function was normal, but a chest X-ray and a computed tomography (CT) scan showed a 3.5-cm tumor in the right lower lung (Fig. 1B, E) . Swelling of the right hilar and mediastinal lymph nodes was also detected. The reticular shadows in both lungs had remained almost unchanged during the past 2 years. Bronchoscopy was not feasible due to the patient's worsening edema. One month later, he developed hypokalemic periodic paralysis and was admitted to the hospital. He was transferred to our hospital for a further endocrine evaluation in March 2013 because of high serum cortisol levels (54.5 μg/dL) in serum samples taken at 10 AM.
The patient presented with a depressed mental status and general weakness, and his performance status (PS) was markedly impaired (Eastern Cooperative Oncology Group PS, [3] [4] . He was 152 cm tall and weighed 57 kg. His body temperature, blood pressure, and pulse rate were 36.8 , and 160/72 mmHg, and 86 beats per minute, respectively. No heart murmurs were detected. Mild velcro rales were audible in both lower lungs, with normal percutaneous oxygen saturation (SpO2) levels of 95%. He had facial pigmentation, thin skin that was prone to easy bruising, and extreme peripheral edema.
The laboratory findings showed a high white blood cell count, hyperglycemia, hypoproteinemia, and hypokalemia (Table) . The serum levels of carcinoembryonic antigen, progastrin releasing peptide, lactate dehydrogenase, and sialylated carbohydrate antigen Krebs von den Lungen-6 were high. An arterial blood gas analysis showed metabolic and respiratory alkalosis and mild hypoxia. Endocrine tests showed ACTH-dependent hypercortisolemia. The patient's urinary free cortisol excretion (5,615 μg/day; reference range, 11.2-80.3 μg/day) was extremely high. The overnight oral administration of dexamethasone (8 mg) did not suppress his morning serum cortisol levels (68.9 μg/dL). Magnetic resonance imaging of the brain showed multiple tumors in the cerebrum and pons, but no abnormalities were detected in the pituitary. He was considered to have EAS due to lung cancer with distant metastases.
Because of his poor PS and the lack of a histological diagnosis, anticancer therapy was not indicated for the patient's lung tumor at that point. To improve his Cushing's syndrome symptoms, the oral administration of metyrapone (0.75 g/day) was started on day 6 of admission, and a (6) prompt reduction was observed in his serum cortisol levels (Fig. 2) . The dose of metyrapone was gradually titrated up to 3.5 g/day, and his serum cortisol levels were maintained at around 20 μg/dL.
The patient showed marked improvements in his hypokalemia, diabetes, and hypertension. On day 10 of admission, however, he complained of acute dyspnea. His temperature (36.4 ) was normal, but his SpO2 levels (91%) had decreased. His chest X-ray showed infiltrates in the right lung. Acute bacterial pneumonia was initially suspected, and intravenous 1.5 g/day meropenem was started empirically with oxygen inhalation. However, his respiratory state deteriorated with spreading shadows in both lungs (Fig. 1C, F) . Bronchoscopy was performed on day 14, after an improvement of his severe edema, and SCLC was histologically diagnosed using a biopsy specimen. A bronchoalveolar lavage culture was negative for bacteria and any other pathogens. Acute exacerbation of IPF was considered, and pulse corticosteroid therapy with the intravenous administration of methylprednisolone (1 g/day for 3 days was initiated under mechanical ventilation with bilevel positive airway pressure, while continuing treatment for endogenous Cushing's syndrome. Anticancer therapy was not initiated because of possible pulmonary toxic effects. The pulse methylprednisolone therapy was administered twice, however, the patient's respiratory state worsened, and he died due to respiratory failure 31 days after admission.
A postmortem examination (Fig. 3) showed a mixture of acute and organizing stages of diffuse alveolar damage, which was marked in the relatively preserved lung tissue regions away from the grossly-visible honeycombing structure of the lower lungs. There was no evidence of disseminated metastasis or lymphangitis carcinomatosa. A pattern of usual interstitial pneumonia, such as cystic fibrotic airspaces and fibroblastic foci, was also identified in both of the lower lungs. These pathological findings were consistent with a diagnosis of acute exacerbation of IPF. ACTH-producing SCLC was also confirmed in conjunction with immunohistochemistry. 
Discussion
The patient with a two-year history of reticular shadows in both lungs developed ACTH-secreting SCLC with brain metastases manifested by EAS, presenting with severe generalized edema, hypokalemia, diabetes, and hypertension. Because of his poor PS and a lack of histological diagnosis, anticancer therapy was not indicated for his lung cancer at the time of referral to our hospital. After the correction of hypercortisolemia, his Cushing's syndrome symptoms improved. However, the patient suffered a fatal acute respiratory exacerbation and died within weeks of admission. The autopsy findings showed a mixture of acute and organizing diffuse alveolar damage in a background of usual interstitial pneumonia, indicating acute exacerbation of IPF (1, 3) .
The patient developed acute exacerbation of IPF shortly after his hypercortisolemia was controlled using oral metyrapone, an adrenal steroidogenesis inhibitor (7, 8) . Previous studies have suggested a possible role of surgical pulmonary procedures, bronchoscopy, or radiation therapy for lung cancer in the onset of acute exacerbation of IPF (9-12). Our patient had not undergone any of these procedures before his respiratory deterioration. Furthermore, to our knowledge, there have been no reports suggesting the development or deterioration of interstitial pneumonia caused by a drugspecific side effect of metyrapone (8, 12) . However, a supraphysiological dose of synthetic glucocorticoids was once considered a therapeutic option for idiopathic interstitial pneumonia, including IPF, because of its potential antiinflammatory and immunosuppressive effects (1, 2) . In addition, several studies have suggested that a dosage reduction of synthetic glucocorticoids for idiopathic interstitial pneumonia is a triggering factor for acute exacerbation (13) . The present case suggests that IPF coexisting with endogenous Cushing's syndrome can be exacerbated upon the control of hypercortisolemia. Therefore, the close monitoring of cortisol levels along with the clinical course of IPF is needed in similar cases of Cushing's syndrome that require the correction of hypercortisolemia. In addition, because there is currently no proven therapy for preventing acute exacerbation in patients with IPF (1, 14) , the non-treatment of hypercortisolemia might be another therapeutic option for patients with similar conditions.
The clinical outcome of acute exacerbation of IPF is generally poor, with a short-term mortality rate of more than 50%, despite therapy. The present treatment strategies lack standardization, and empirical therapy with high-dose synthetic glucocorticoids is commonly used despite it having no proven benefit (1, 3). Our patient received 2 courses of pulse corticosteroid therapy for exacerbated IPF while treatment for endogenous Cushing's syndrome was continued, but he failed to respond to the therapy and died from respiratory failure. 
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In summary, we herein described a fatal case of acute exacerbation of IPF after the treatment of hypercortisolemia in a patient with advanced ACTH-secreting SCLC, who presented with EAS. The outcome of the present case suggests that IPF coexisting with endogenous Cushing's syndrome may be exacerbated after the treatment of hypercortisolemia. The close monitoring of cortisol levels along with the clinical course of IPF is needed in similar cases of Cushing's syndrome that require the correction of hypercortisolemia. The non-treatment of hypercortisolemia might be another acceptable therapeutic option for patients with similar conditions.
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